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PROPELLER CHARTS FOR THE DETERIVIINATION OF THE 
ROTATIONAL SPEED FOR THE MAXEVIUM RATIO 
OP THE PROPULSIVE EFFICIENCY TO THE 
SPECIFIC FUEL CONSUMPTION 
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SUMMARY 

A set of propeUer operating efficiency charts, based on 
a coefficient from which the propeller rotaiioTud speed has 
been eliminated, is presented. These charts were pre- 
pared wiik data obtained from tests qffrdl-size metal pro- 
pellers in the NACA propeUer-researeh tunnel. Working 
charts for nine propeller-body combinatioTts are presented, 
indvding results from tests of diwL-rotating propdlers. 

These charts are to be used in the calculation of the 
range and the endurance of airplanes equipped with 
constant-speed propellers in which, for given fiighit condi- 
tions, it is desired to determine ihe propeller revoluHon 
speed that gices the maximum, raiio cf the proptdsive 
efficiency to the specific fud consumption. The coefficient 
on which the charts are based may he written in the form 
of a thrust coefficient or a thrust-power coefficient. 

A method of using the charts is outlijud and sample 
eomputaiions for a fypiecd airplane are included. 

INTBODDCTION 

In the calculation of the range and the endurance of 
airplanes equipped with constant-speed propellers, the 
thrust horsepower required for flight at a given gross 
weight, airspeed, and altitude is Imown. It is desired 
to determine, from the piopeUer-eogine operating char- 
acteristics, the propeller rotational speed that gives the 
TrmfiTTnim ratio of the propulsive efficiency to the specific 
fud consumption. The usual propeller coefficients are 
insufficient for use in such calculations hecause knowl- 
edge of both the engine power and the rotational speed 
is required and these quantities are miknown. 

In order to facihtate the calculations, the Bureau 
of Aeronautics, Navy Department, requested the NACA 
to prepare working plots of a thrust coefficient that is 
independent of propeller revolution speed. The present 
report contains such working charts for nine propeller- 
body combinations and includes results obtained from 
tests of dual-rotating propellers. A method that 
can be used for the determination of the maximiun value 



of the ratio of the propulsive efficiency to the specific 
fuel consumption is also included. 

SYMBOLS 

P power of engine, foot-pounds per second 
r, effective thrust (2*— AZJ), pounds 
T total propeller thrust 

AD increased drag of body due to propeller slipstream 

W wei^t, pounds 

n propeller rotational speed, ips 

LID lift-drag ratio 

V airspee^i feet per second 

D propdler diameter, feet 

p mass density of air, slugs per cubic foot 

Po mass density of air at sea level (0.002378) 

0- rdative density of air (p/po) 

g dynamic pressure (ipF*) 

C engine specific fud consumption, pounds par 

brake horsepower-iour 

Q engine torque, foot-pounds 

C, speed-power coefficient (^pVlPn*) 
VjnD advance-diameter ratio 

Te thrust coeffiLcient (j^yi^ 
C/ power coefficient ^^^^=jR^^ 
Pe power disk-loading coefficient (~^ps) 
DISCUSSION 

In the calculation of the range and the endurance of 
airplanes equipped with constant-speed propellers it is 
desired to determine, from the engine-propeUer operat- 
ing characteristics, the propeller speed that gives the 
maximum ratio of the propulsive efficiency to the 
specific fud consumption. The thrust horsepower re- 
quired for a given flight at a givoi gross weight, air- 
speed, and altitude is already known. 

The usual propeller coefficients of power, thrust, and 
propidsive efficiency that are defined as 
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are insufScient for this purpose becattse neither the 
engine power nor the engine speed is known. 

In order to solve these special problems with the least 
work it is necessary to use plots of propeller coefficients 
tliat do not involve the rotational speed. Suitable 
forms of the coefficients may be obtained from the usual 
thrust or power coefficients as follows: 

Cp P 



Because the brake horsepower is unknown, the equa- 
tion for Cp' should be multiplied by q to obtain a thnist- 
power coefficient:. 

„ri — 



or 



The two general forms of the coefficient are 
and TtlfD^V*, which may be converted into engineering 
units as follows: 



and 



T, _ 



73300 thp 



195.4 T, 
'<rLP(mph)* 



PBOPEILBR DATA 

The propeller charts were prepared from data ob- 
tained in the NACA 20-foot propeller-researc-h tunnel. 
The test-s that provided tlio data were made with tractor 
propellers of approximately 10-foot diameter operating 
in conjunction with various representative body types. 
A list of the charts and the basic propeller data are 
^ven in the following table; principal model dimensions 
are given directly on the propeller charts. 
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ot 
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8 
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8 ... 
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Body oondltlon 



Btresinllne body, with spinner, on symmetrical wing 

Streamline body, with spinner . 

Stieamllne body, with spinner, on symmetrical wing 

do — , ,. 

. do 

. do. ^ ^~—„ 

Llquid-ooaled engine nacelle, with spinner „ 

Radial engine nacelle i, 

Lbiuid-oooled engine naceHe, with spinner ... 



Approxi- 
mate pro- 
peller 
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(ft) 



10 

lt.» 
10 
10 
10 

10 

10 
10 
10 



Rotation 



Blngle... 

do... 

....do..., 
do— 

Dual...., 

single... 
..;..do.... 
..do... 



Blade- 
angle 
range at 

(dec) 



20toU 
20 to 80 
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ntosf 



IS to 80 
Ifito40 
15 to 45 



Souro* ot 
pmpellK 

data, 
refarenoe 
nnmber 



PBDPEIXER CHARTS 

Two charts are provided for each of the propeller-body 
combinations. One chart contains curves of. V/nD 
plotted against Te between 0 and 0.10 with contour 
lines of constant ij. The other chart contains curves of 
Te between 0 and 0.40 and curves of ij plotted against 
VfnD. The same quantities may be read on either type 
of plot but greater accuracy is obtained by the use of the 
first type for the range of Te values that it covers. The 
second type of chart is included because it offers greater 
convenience in extending the range of Te values. 



USE OF CHAKTS 

It is possible that propeller charts of tlie type given 
in this. report may have a number of uses that are not 
anticipated at the present time. Also, it is quite 
likely that different methods can be devised for using 
the charts in solving any specific problem. The chief 
object of these charts is, however, to furnish a means of 
determining the optimum propeller speed for given 
flight conditions to obtain the maximum ratio of the 
propulsive efficiency to the engine fuel consumption. 
A method of obtaining the optimum propeller speed is 
presented in the following outline. 
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FiouBE a^Cbirt of i| acaJost V/bJD tor tbtee-btade pniiellei S155-& Stnamline body, with apbmer, on lymiiietiteal vlng; slncla nUtlon. Fnipelltr 

data taken fram teleraiGe 1. 




.2 



.6 .8 To 72 1a i6 /.B 20 2.a 2.4 2.6 IS 3.0 3.2 3.4 SB 3.8 

VfnD 

FiQVSS 4w— Cbait of 4 agabut VlnB lor tbiee-blade propeller sitSA'-S. Stteamlbie body, vitb aplimer; idiifle rotatkn. Ftopellei data taken Inna 
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0 £ .4 £ j8 W iS 16 t8 ZO 2.2 2/f 2S 2JB 3J3 S2 3,4 3£ S£ 

V/nD 

Fiai'u 8.— Cbait of « agalost VlnX> Eor fooi-Uade propeller 3ISIHI. EtteBSnIlQe body, wilh sptaner, on aymmetclcal vIbe; 

gingls ntatlon. Fropeller data taken from nbrence 2. 




' O .e .4 .S .3 1.0 1.2 1.4 I.B 1.8 2.0 22 2A 26. 2J3 3.0 32 3.4 36 38 4.0 

V/nD 

Fmuu 8.— Cbut off against V/bJ) forsIi-bladeptopeDer SIK-O. Bticamlliie bodjr, with spinner, on srmmetdcal wine single iDtatlon, (The SO" ellkiem^ 

man vis Interpolated.) FrapeOer data taken team reHsrence 2. 
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ViOTiiiK t.-ChMt at V^D anlnit nior two t«o-U«d« pcopdtan 81iM Mid 8H8-8. BttMittUii* body, with cpbiiMr, on fymiiMMail wing; dnri rotation. Propeller d«t» t«fc«n from 



382 



REPORT NO. 74&--NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 




.6 .a 1.0 I.Z 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2JB 3.0 3£ 3.4 3.6 38 

VfnB 

VioDBi 10.— Chart ol II igalnat VInDtx two two-Mads proiwUmllSS-a ani 31fift-A. Stigsmlliia body, witb spinner, on aymmetiical wing; dual rotatloB. 

FiDpeller data Udnn firum ntannoa 1. 

£8 




.2 .4 .6 .8 1.0 LZ fA l£ 1.8 20 2£^ 24 ZS ^fl 3.0 3.2 34 36 3S 4j0 

V/nS 

FiaoBE 12.— Chart o(f aislnst V/aD for two three-blade propellcn 31<G-a and 3ise-t. Etreamllne body, with .iplnner, on tymmetrlcal wing; dual roUtloo. 

Propeller data taken from lefasnca 2, 



BIAXIMTIM RATIO OF PROPULSIVE KPFICIENCT TO BPECmC FtlBI, CONSDMPnON 




V/nD 

FiODuM^Iiartaff agsloai V/aJ>ltetIiTee4itadeiKopelIerS868-^ Idqiddswaledeosliieiiaodle.wltliapbiiiajaiii^iatadoii. Itapdkr data taken 

from lefeience 3. 
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Given: Aerodynamic characteristics of airplane and 
flight conditions: 

(1) LjD for speed of flight and altitude (or thrust 

power for speed of flight and altitude) 

(2) Weight, W 

(3) Airspeed, V 

(4) Diameter of propeller, D 

(5) Density at altitude, p 

(6) Engine gear ratio 
Characteristics of engine, including: 

(1) Brake horsepower for altitude of flight as a 

function of ei^ine speed and manifold 
pressure 

(2) Specific fuel consumption as a function of 

engine speed and manifold pressure or torque 




.6 



.8 1.0 I.B 1.4 1.6 
VlnD 



Fiousi 17.— Chart of is against V/nD for ttme-blade propeIl« IS36S-(I. Radial 
engine nacelle; single rotation. Propeller data taken ftem reftrenul. 

To obtain: Propeller speed to effect the maximum ratio 

of propulsive eflBciency to specific fuel consumption 
Solution based on thrust coefficient, T^'. 

(1) Detennine effective thrust T, from and W 

(2) Solve for thrust coefficient 



195.4 T. 



(3) For severd values of propeller speed n, solve 
for F/nZ? 



(4) Eor several values of F/nZ> computed under 
step (3), read from propeller chart values 
of propulsive efficiency 

(6) For several values of n, compute propoller 

(6) For several propeller values of n, compute 
n/nr.««( and Q/Qrare* (nr.w and Q„xu corre- 
spond to rated engine speed and torque values 
. with gear ratio taken into account) 




L8 > 1.4 1.6 18 20^ 
YfnD 

navu 18.— Chart of ^ against V/U) fix fDur'OI>lad» sropeller S«8-«. Lfquld^oaled 
engine nacelle, vltli aplnner; sln(le rotation. Propeller data taken ftom reftrenct t. 

(7) From fuel-consumption data, det^irmine values 

of engine specific fuel consumption C cor- 
responding to engine speeds and torques 
computed under step (6) 

(8) For several values of n, compute and plot 

values of ij/(7 

(9) From curve obtained in step (8), determine n 

for maximum value of ij/C 
Solution based on thrust coefficient, tiCp': 

fl) Determine thrust power liP or thrust horse- 
power from curves of power against speed of 
given data 

/o\ a 1 f n t 73300 ikp 

(2) Solvefor,rp'=^=^^^jjj^ 



siaxdittm; kaho of peopuisivb epbtcibnct to seecific mmii consumption 



389 



(3) The rest of the solution corresponds to steps in 
the solution based on l^irust coefficient, 

except that Q=^^ 

SAMPLE CALCIJLATION 

A calculation for a sample airplane is herein performed 
to demonstrate the use of the charts. Values of n cor- 
responding to the maximum value of 7}/C were deter- 
mined for three flight speeds; the computations for only 
the condition of flight at maximum LfD of the airplane 
are included. Eange computations have also been 
made for the three flight speeds based on a specific fud. 
load. 

In addition, range computations were made for the 
sune flight speeds but with the engine torque and speed 
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ISO 140 
Am ^3eed at tO.OOO ff.mph 

ViauMX lA^VaibUoii of LIB with ainiieed Ibr nmpb aiip1aii& 

adjusted according to the relation Qecn* to demonstrate 
the value of adjusting the engine speed to obtain the 
maximum engine-propeller operating efficiency. (The 
relation Qccn* corresponds to the operation with a 
fixed-pitch propeller.) 

The two charts necessary for the calculations are in- 
cluded: One chart is a plot of LfD agaiust airspeed for 
the sample airplane Cfig. 19J; the other chart is a fuel- 
consmnption chart (fig. 20). The fuel-consumption 
chart was prepared from data taken during NACA tests 
of a 1340-H: cylinder from a Pratt & Whitney 1340- 
SlHl-G engine. 

Calculations were made for three conditions of fl^ht, 
namely: maximum L/D, SO-percent power, and 75- 
percent power. 

Given: Wdght: gross= 17,500 pounds; gas load=5930 

pounds 

Power plant: two 700-horsepower engines; en- 
gine speed=2380 rpm, geared 16:9 

Propellers: two three-blade Hamilton Stand«u:d 
3155-6 propellers; diam6ter=ll feet; pro- 
peller speed =-1340 rpm 

Maximiun velocity: 210 miles per hour at 8100 
feet 

Flight altitude: 10,000 feet 



Solution for flight at maTiTnn ni L/D based on thrust 
coefficient Te (calculations are shown for one point on 
fig. 21 ; other values are given in table I) : 

(1) Maximum I./D=15.1 (from fig. 19) 

Vfor ma.Timum L/D=116 miles per hour=170 
feet pCT second 

r,=^j«=^^^=1160 pounds or 580 pounds 

per engine _ 

/9^ r 195.4X580 „ 

■''~0.738X121X(1.346X10*) 

(3) If it is assumed that n=20 rps, 
170 



VfnD= 



"20X11 



^0.773 



(4) For V/nD=0.773 and 3^=0.0945, 
ij=0.823 (fig. 1) 

^^ 2^X20X^823 =^^^ foot-pounds 

(6) n„,«f=22,33 rps, 

^ _6506Ap^__550X700_ , 

2xX22.33-2^^°.^°**'- 

pounds 



At 71=20 rps, 



20 



«/«r.t«r=22:33=0.897 
and Q/Qr.ut=0M6' 



.80 



r70 




Percenfage of 
-rated torque 
40 



70 ao 30 too 

Percentage of rated speed 



ISO 



Fbimx ao.— EBicct of enclne speed on "ifahnnm Qiei oonaunptlon at aererat 
torquf values. Tlie 1340-H cylinder. 

(7) From figure 20, by extrapolation, 

at »/n,„rt=0.897 and Q/Q,.,rf=0.346, 
' C= 0.600 pound par brake horsepower per 
hour 
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(9) »j/(7 is plotted against n in figure 21, together 
with the corresponding values of Q, C, and 
rj, which have been added as a matter of 
interest. From this figure it is seen tha t the 
maximum value of ij/C occurs at ft=13.7 
The results of similar computations for flight at 50-, 
percent and 75-pe.rcent power are given in table I. 

The range for the three flight speeds was calculated 
from the Brcguet range formula: 

Range, mile3=863 ^ ^logw^ 

where Ho is the gross weight and Wt is the gross weight 

loss the gas load. 
In the Breguet formida, L/D is assumed constant 

and the values of r}/C are average during flight; whereas, 

the values of r?/C as used in tlie problem are for the 

start of flight. 

For maximum ti/C at maximum LfD, 
Range, miIes=863X15.1XI.62X0.181=3820 

Witli the data from table. I, the range at 50-percent 
power was computed as 3680 miles and at 75-percent 
power the range was 2940 miles. The variation of the 



55 ^000 
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M IS 16 
n.rps 

Fioi'KE 21.— VarlatloD ol englne-propcnor operating elianeteriitloa toe illcht 
St maximum jC/S of SBmple airplane. 
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I20 



100 




fixed-pifch propalkr set 
to absorb rated power at 
■rated engine ipeed for high- 
3peed-fl!gtit condition • 



Moxjmum LJO 



2100 S600 ZBOO 3000 SSOCT 3400 3B00 3000 
/fangs, miles 

FiGVBi 22.— Comparison of flight renjes f« flxed- and controllable-pitch propellers 
on sample airplane at 10.000 fdet. The foregoing comparisons were based oa 
values of yi\C for the start of flight, instead of on average values as stipulated In 
the Bregoet fDrmalc. 



range \vith the airspeed is given in figure 22. For 
comparison, figure 22 contains a plot of the range for the 
same airplane equipped with both controllable and 
fixed-pitch propellers, the fixed-pitch propeller being 
set for the condition of high-speed flight. Because the 
gain La range by the use of controllable-pitch propellers 
set for maximum engine-propeller efficiency was rela- 
tively small for the conditions assumed in tlie sample 
computations, it would appear that the optimum blade- 
angle setting is fairly close to the high-speed setting. 
The stating of such a generality is hazardous, however, 
chiefly because the fuel-consimiption data herein pre- 
sented may not apply to engines in general. 

TABLE I 

CALCULATION OF u/C 
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Lan(^let Memohial Aeronautical Laboratort, 
National Advisory Committee for Aeronautics, 
Langlet Field, Va., December 11, 1940. 
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